A karyomorphological characterization of Polytrias amaura (Poaceae) was performed using orcein staining, sequential fl uorescent staining with chromomycin A 3 (CMA) and 4',6-diamidino-2-phenylindole (DAPI), and fl uorescence in situ hybridization (FISH) method. The common somatic complement with 20 chromosomes were observed in all metaphase cells analyzed. Mitotic chromosomes in respective chromosome complement showed a gradual decrease in size from the largest to the smallest chromosomes. The largest and the smallest chromosome lengths at metaphase were 3.5 μm and 2.0 μm, respectively. The fl uorochromes of CMA and DAPI gave reproducible condensation pattern to every prometaphase chromosome, but not metaphse. Each chromosome displayed a characteristic condensation pattern, which was quite same between differential staining methods of GC-specifi c CMA and AT-specifi c DAPI. In FISH, two bright 5S rDNA signals were detected at interstitial region of the chromosomes. Polytrias amaura (Büse) O. Ktze (Poaceae) is a herbaceous wild-turfgrass in Thailand. This species has attractive natures to introduce several genetic characters to economically important lawn grass, especially Zoysia, that is the most popular lawn grass in Japan. Further genetic improvement in Zoysia is still desired due to weak natures of disease and insect tolerances and so on, although the cultivated species for breeding in this genus has several advantage characteristics for a traffi c tolerance and low water and fertilizer requirements.
Polytrias amaura (Büse) O. Ktze (Poaceae) is a herbaceous wild-turfgrass in Thailand. This species has attractive natures to introduce several genetic characters to economically important lawn grass, especially Zoysia, that is the most popular lawn grass in Japan. Further genetic improvement in Zoysia is still desired due to weak natures of disease and insect tolerances and so on, although the cultivated species for breeding in this genus has several advantage characteristics for a traffi c tolerance and low water and fertilizer requirements.
In recent breeding work, an attempt to produce the F 1 progenies between Polytrias amaura and three Zoysia species was made, and the examination for cross compatibility showed a possibility of hybridization (Matsuda et al. 2010) . This trial brought the fi rst crossbreeding result for us with notable success for developing a lawn grass improvement by use of P. amaura. Up to the present, however, P. amaura did not have any cytogenetic data available toward breeding strategy.
Base-specifi c fl uorescent staining methods with chromomycin A 3 (CMA) and 4',6-diamidino-2-phenylindole (DAPI) were commonly employed to localize some GCand AT-rich heterochromatic regions on chromosome, respectively (Schweizer 1976) . Using those methodologies, detailed characterizations of chromosomes have been demonstrated in several plants such as Secale cereale (Weimarck 1975) , Hordeum vulgare (Vosa 1976 , Laursen 1978 Kakeda et al. 1991) , Scilla sibirica (Vosa 1973a) , Leopoldia comosa (Bentzer and Landström 1975) and Tulbaghia leucantha (Vosa 1973b) . These studies displayed that the fl uorescent differential staining with these base-specifi c fl uorochromes allowed stable detection of the heterochromatic bands on chromosomes and rapid identifi cation of each homologous chromosome pair. Moreover, fl uorescence in situ hybridization (FISH) is powerful tool to detect a position of a target DNA sequence on the chromosome, and is carried out for the chromosome identifi cation in numerous economically important plants (Kato et al. 2004) .
The aim of this study is to characterize karyomorphology of P. amaura using sequential fl uorescent staining with CMA and DAPI, and FISH methods.
MATERIALS AND METHODS
Plant materials Plants of Polytrias amaura (Büse) O. Kuntze used were potted and cultivated in the greenhouse, Department of Plant Science, School of Agriculture, Tokai University.
Slide preparation After root tips were collected and pretreated with 0.2 mM 8-hydroxyquinoline for 3 h at 4 °C, they were fi xed in a mixture of ethanol, chloroform and acetic acid (6:3:1) for 24 h at room temperature, washed with distilled water for 30 min, and then macerated in an enzymatic mixture (pH 4.2) of 1 mM EDTA solution containing 1% Cellulase Onozuka RS (Yakult Pharmaceutical Industry Co., Ltd., Tokyo, Japan) and 0.3% Pectolyase Y-23 (Seishin Pharmaceutical Co., Tokyo, Japan) for 1 h at 37 °C. After washing with distilled water for 1 h, root tips were put onto glass slide, and spread with ethanol-acetic acid (3:1). The preparations were air-dried for 24 h at room temperature after removal of coverslips with dry ice.
Fluorescent staining with CMA and DAPI For fl uorescent differential staining with CMA and DAPI, the method of Pląder et al. (1998) was followed with slight modifi cations. The slides were preincubated in McIlvine's buffer (pH 7.0) for 30 min, and then, treated with 0.1 mg/ml CMA in McIlvine's buffer supplemented with 5 mM MgSO 4 for 10 min. After rinsing, they were mounted in glycerol and stored at 4 °C for at least 10 h to prevent fading. These chromosomes stained with CMA were irradiated with a BV fi lter cassette and fl uoresced yellow. After CMA staining and observation, the slides were used for sequential DAPI staining. The slides were destained in 45% acetic acid for 30 min, 3:1 ethanol-acetic acid for 30 min and ethanol series (30%, 70% and 99.5% (v/v)) for 10 min, respectively. They were dipped in McIlvine's buffer for 30 min. And then, they were treated with 0.1 mg/ml DAPI in McIlvine's buffer for 10 min. These chromosomes stained with DAPI were irradiated with a U fi lter cassette and fl uoresced blue.
Fluorescence in situ hybridization (FISH) Total genomic DNAs were isolated from young leaves following modifi ed cetyltrimethylammonium bromide (CTAB) method (Doyle and Doyle 1990) . The samples were ground into powder with liquid nitrogen and homogenized in the buffer containing 0.1 M Tris-HCl (pH 8.0), 20 mM EDTA (pH 8.0), 1.4 M NaCl, 2% CTAB and 0.5% mercaptoethanol. The homogenates were extracted three times with an equal volume of chloroform-isoaml alcohol (24:1) for 15 min each and the DNAs were precipitated with an equal volume of isopropyl alcohol at room temperature. The DNAs were treated with DNase-free RNase A (0.2 mg/ ml) at 37 (C for 1 h followed by extractions with phenolchloroform and chloroform. To track the chromosomal locations of the 5S rDNA and 45S rDNA, the 5S rDNA unit and the 18S rDNA were used as FISH probes, respectively. With extracted DNA, the 5S rDNA and the 18S rDNA sequences were amplifi ed by polymerase chain reaction (PCR) using primer sets were tabulated in Table  1 . The cycle profi le was an initial denaturation of 94°C (4 min), 35 cycles with 94°C (30 sec), 48°C (30 sec) and 72°C (60 sec), and a fi nal extension step of 72°C for 1 min. The 5S and the 18S rDNA fragments were DIGlabeled or Biotin-labeled by random primed labeling technique (Feinberg and Vogelstein 1983) using DIGHigh Prime (Roche Applied Science, IN, USA) or BiotinHigh Prime (Roche Applied Science, IN, USA), respectively. Chromosome preparations were treated with 100 μg/ml RNase A (Nippon Gene Co., Ltd., Tokyo, Japan) for 60 min at 37°C in a humid chamber. After dehydration in a graded series of ethanol, a hybridization mixture containing 50% formamide, 10% dextran sulfate and DNA probes were dropped onto the slides. The preparations were sealed, denatured for 5 min at 70°C, and then incubated for 36 h at 37°C. Subsequently, the slides were rinsed in 2 × SSC at 42°C for 10 min, 0.2 × SSC at 42°C for 10 min, and 2 × SSC/0.2% Tween20 at room temperature for 10 min twice. The slides were blocked with 5% bovine serum albumin in 2 × SSC/0.2% Tween20 for 60 min at 37°C. Biotin-labeled and DIGlabeled probes were detected with streptavidin-Alexa Fluor 488 (Invitrogen, CA, USA) and anti-digoxigeninrhodamine (Roche Applied Science, IN, USA) in 2 × SSC, respectively, for 2 h at 37°C in a humid chamber. The slides were washed in 2 × SSC/0.2% Tween 20 for 10 min twice, and 2 × SSC for 10 min twice at room temperature. The preparations were then mounted in Vectashield mounting medium containing 1.5 μg/ml 4',6-diamidino-2-phenylindole (DAPI) (Vector Laboratories, Inc., CA, USA). Chromosome images were taken by a digital camera (CoolSNAP: Roper Scientifi c, Inc., Chiba, Japan) on a microscope (Olympus BX51; Olympus, Tokyo, Japan). To determine the FISH signals on chromosomes, at least 30 cells were observed for each accession. Categories of chromosome morphology on the basis of the position of centromeres followed Levan et al. (1964) .
RESULTS AND DISCUSSION
Interphase nuclei stained by orcein, CMA and DAPI and FISH of Polytrias amaura (Büse) O. Ktze were shown in Fig. 1 . This stage had several darkly-stained chromocenters with irregular distribution pattern in the nucleus. These chromocenter shapes were amorphous, sometime took a fi brous structure of densely-packed chromatins (Fig. 1A) . No major differentiation as number and distribution pattern of the chromocenters in nucleus was observed between CMA and DAPI staining (Fig.1B and  C) . Two sharp signals were detected in 5S rDNA FISH, while any obvious signal was not detected in 45S rDNA FISH (Fig. 1D) .
Mitotic prophase of P. amaura formed the heterochromatic segments at the proximal region of most chromosomes of the complements. Some of the segments were at the interstitial and the distal regions (Figure not  shown) .
The somatic complement with 20 chromosomes was observed in all metaphase cells analyzed (Fig. 2) . The chromosome count of P. amaura was reported here for the fi rst time. As the fi rst record, the determined chromosome number in this study gave this species a probable basic chrmosome number of x=10. This is completely different number from Zoysia (2n=2x=40). Total chromosome length at prometaphase was 118.5 μm, while total chromosome length at metaphase was 53.9 μm. Average chromosome lengths were 5.9 μm at prometaphase, and 2.7 μm at metaphase. The metaphase karyotype of P. amaura consisted of 20 median-centromeric chromosomes. Thus, the karyotype formulae was determined as 2n=20=20m. Satellite or secondary constriction could not observed on any chromosomes of the complements in plant materials studied here. As same as metaphase, prometaphase chromosomes showed a gradual decrease in size from the largest to the smallest. The largest and the smallest choromosome lengths at prometaphase were 8.5 μm and 3.5 μm, respectively. In contrast, the largest and the smallest chromosome lengths at metaphase were 3.5 μm and 2.0 μm, respectively. These observed values gave a somatic chromosomal condensation rate from prometaphase to metaphase in P. amaura. The largest chromosome at prometaphase was more than twice as large as that of mid-metaphase, while the smallest length at early-metaphase was about 1.5 times as large as that of mid-metaphase. The result indicated that the smallest chromosome in P. amaura had higher chromosomal condensing rate than those of the largest chromosomes. Prometaphase and metaphase chromosome complements stained with CMA and DAPI were shown in Fig. 3 . The fl uorochromes of CMA and DAPI gave reproducible condensation pattern to every prometaphase chromosome, but not metaphse. Each chromosome displayed a characteristic condensation pattern, which was quite same between differential staining methods of GC-specifi c CMA and AT-specifi c DAPI (Fig. 3A and B) . In the basespecifi c fl uorescent staining methods, CMA binds specifi cally to guanine regions in helical DNA (Ward et al. 1965) or heterochromatin (Deumling 1981; Deumling and Greilhuber 1982) , while DAPI binds specifi cally to A-T base pairs in the minor groove of DNA (Portugal and Waring 1988) . Thus, the results of CMA and DAPI staining suggested that AT and GC base pairs were equally dispersed in both euchromatin and heterochromatin of all chromosomes in this species. In angiosperm, however, the chromosome complement in somatic cell generally has at least two GC-rich segments of 45S rDNA loci or nucleolar organizer region to be detectable as CMA positive and DAPI negative (CMA + DAPI − ) sites (Galasso et al. 1995) . In contrast, P. amaura did not show any GC-rich site for detecting 45S rRNA gene locus. Moreover, in prometaand meta-phase stages, any obvious 45S rDNA FISH signal was not detected, whereas two sharp 5S rDNA signals were detected at the interstitial regions of the chromosomes (Fig. 4) . As same as in 5S rDNA, 45S rDNA was an essential for life activity because this gene codes for rRNA, which was component of ribosome to produce proteins. In higher eukaryotes, the both rDNA were present in a high copy number and were clustered as tandem repeats at one or more chromosomal sites (Rogers and Bendich 1987; Álvarez and Wendel 2003) . Furthermore, the copy number and chromosomal location of rDNA could be rapidly changed in plant genomes (Schubert and Wobus 1985; Raina and Mukai 1999) . Therefore, dual rDNA FISH result indicated that the copy number of 45S rDNA unit might be too low to detect on chromosomes at the cytogenetic level, even though there was the loci on the genome in this species or the plant strains used here. Several evidences of the intraspecifi c variation supported that unequal crossing over was the main mechanism involved in size changes of 45S rDNA sites (Butler and Metzenberg 1989; Komma and Atwood 1994) . Determination of 45S rDNA locus in P. amaura, thus, would be possible by using other strains corrected from different population.
Prometaphase chromosomes could be classifi ed into three types by their condensing patterns: The fi rst group was pericentromeric condensing type (Type I), the second group was one-arm condensing type (Type II), and third group was whole chromosome condensing type (Type III) (Fig. 5 ). Because each group included different size of Fig. 5 . Alignments of prometaphase chromosomes-sets stained with DAPI. The chromosome could be classifi ed into three types by their condensing patterns (Types I, II and III). Type I is pericentromeric condensing type, Type II is one-arm condensing type, and Type III is whole chromosome condensing type. The condensing type and chromosome size made the chromosomes possible to be classifi ed six groups. chromosomes, thus the condensing type and chromosome size made the chromosomes possible to be classifi ed six groups (Fig. 5 ). The chromosomes with 5S rDNA loci belonged to small chromosome group Type II. Characterizing of chromatin condensation is an important for chromosome identifi cation affecting genome integrity.
Previous reports showed that some plant chromosomes had similar condensation pattern, that could develope cytological map for becoming foundation for genome analyses, e. g. rice (Fukui and Mukai 1988) , sugarcane (Ha et al. 1999) , and cucumber (Hoshi et al. , 1999 (Hoshi et al. , 2008 . In cytogenetic study of Zoysia, the genus possessed same chromosome number of 2n=40, and might have genetic similarities by producing interspecifi c hybrids among all combinations of the species (Forbes 1952) . In meiosis, 20 bivalent chromosomes without any meiotic irregularities were observed (Forbes 1952) . These data suggested that Zoysia had the basic chromosome number of x=20. Compared to the Zoysia, Polytrias amaura was half number of the basic chromosome number of x=10, and triple size of individual chromosome length. Therefore, the chromosome comparison between Polytrias amaura and Zoysia species strongly supported that they were distantly related each other. In spite of the karyomorphological dissimilarity, recent breeding attempt showed a high possibility for producing F 1 hybrid between Polytrias amaura and Zoysia species by general crossing method (Matsuda et al. 2010) . Although the hybrid production was quite unexpected result cytogenetically, we would predict meiotic abnormality of chromosome segregation in the progenies, because parental species had completely different basic chromosome number.
On the other hand, the success to create the interspecifi c hybrid between distant related species is quite signifi cant result for the breeding of turfgrass, since Polytrias amaura has attractive features to introduce the genes to Zoysia. Thus, our result with cytogenetically precise information will propose further breeding suggestion such as genome doubling treatment to product synthetic amphidiploid, avoiding chromosome nondisjunction in the hybrid progenies.
